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• AbstTact: The Brazilian sardine (Sardinel/a brasiliensis) and anchoita (Engraulis 
anchoita) inhabit the southearstem Brazilian Bight. The former spawns at night 
(21:00-03:00) in coastal region duringlate-spring and summer, meanwhi1e, the latter 
spawns a11 year-around, mainlyin coastal region during summer and in neritic region 
during winter. The spawning time of E. onchoita was observed all day long, but 
more intensiveIy at night. During summer there occurs a strong vertical 
slratification of water masses. The spawning of S. brasiliensis occurs in surface 
mixed layer, whi1e that of E. onchoita occurs beneath the thermocline inside the 
cool South Atlantic Central Water which occupies the bottom Iayer during late 
spring and summer. However, the sardine and anchovy egss and larvae were found 
inside both the upper tropical and lower cold water masses, but predominantly 
above thermocline in this region 
• Descriptors: Spawning patterns, Environmental conditions, Vertical distribution, 
Sardinel/a brasüiensis, Engraulis anchoita, Ubatuba, Brazil. 
• Descritores: Padrões de desova, Condições ambientais, Distnbuição vertical, 
Sardinel/a brasiliensis, Engraulis anchoita, Ubatuba: SP. 
The main habitat of the Brazilian sardine (Sardinel/a 
brasüiensis) is confined within the southeastern 
Brazilian Bight (SEBB) between 22"8 and 29"S where 
only one population of sardine is known. On the other 
hand the habitat of the anchoita (Engraulis onchoita) 
extends from the Gulf of San Jorge (47"S) to Cabo Frio 
(23°S) and there are at least three known subpopulations. 
The two southem subpopulations which inhabit Argentine 
and Uruguayan waters have a large population, varying 
from 4.0 to 6.2 million metric tons (Ciechomski & Sánchez, 
1988). Population biomass along the coast of Rio Grande 
do Sul has been estimated by serveral authors (Castello & 
Habiaga, 1982; Castello, 1990; Lima, 1992). No biomass 
estimate was made on the northem subpopulation which 
inhabit the southeastem Brazilian Bight. There are two 
main spawning areas in Brazilian waters: one in the 
southem Brazil along the coast of Rio Grande do Sul State 
(3O"S-34°S) (Weiss & Souza, 1977; Weiss & Souto, 1988) 
and another in the SEBB where anchoita's spawning areas 
overlap with those of the Brazilian sardine (Nakatani, 1982; 
Spach, 1991). 
Because of extreme adaptability, the anchoita can 
expIoit both tropical waters in southem Brazil and cold 
Malvinas currents in Patagonia, extending its spawning 
area some 2800 km in the southwest Atlantic (Castello, 
1990; Nakatami, 1982; Sánchez, 1990). ln the 
southeastem Brazilian Bight, northem limit of spawning 
area, the anchoita spawns all year around, but the 
spawning in summer are concentrated inside the cold 
upwelled waters in coastal region and that in winter occurs 
in neritic region. The Brazilian sardine spawns only during 
late-spring and summer in coastal and neritic regions 
(Matsuura, 1990a). 
To understand the reproductive strategies of sardine 
and anchoita which share the same habitat in the SEBB, we 
observed the seasonal spawning patterns of two species in 
the coastal region of Ubatuba and analyzed their annual 
variation in relation to environmental conditions. ContT. no. 737 do Inst. oceonogr. da Usp. 
102 
Material and methods 
As a part of integrated oceanographic investigation on 
coastal ecosystem, six survey cruises have been conducted 
on the RN "Prof. W. Besnard" in the coastal region of 
Ubatuba with station intervals of 5 and 10 n.m. during 
December 1985 through December 1988 (Fig. 1). The 
cruise of December 1987 was made with the R/V 
"Almirante Saldanha" and only nine Bongo net samples 
were taken. 
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Ichthyoplankton samples which were used to study 
horizontal distribution, were collected with the Bongo nets. 
The Bongo net was towed obliquely from surface down to 
5 m above the bottom and again to surface with towing 
speed of about 2.5 knots. 
Those for vertical distribution of eggs and larvae were 
collected with the MTD nets (Motoda, 1971) in three 
cruises conducted from December 1987 to December 
1988. Firstly the depth of thermocline was determined 
using the bathythermograph. At each station, three or 
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Fig. 1. Survey area ln the southeastern Brazilian Bight anel coastwise extension of anchoita habitat 
in the southwestern Atlantic. The habitats of anchoita are inelicated with stippled area. 
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four MTD nets were used at different water depths 
and towed horizontally for five minutes with a towing 
speed of about 2 knots. Towing depth of eacb net was 
calculated from wire angJe and length. According to the 
sampling layer in relation to thermocline, alI samples were 
classified into three depth zones: above, inside and beneath 
the thermocline. 
AlI fish eggs and larvae were sorted from plankton 
samples, then sardine and anchoita eggs and larvae were 
identified based on literature desaiptions (Houde & Fore, 
1973; Matsuura, 1971; 1975; Nakatani, 1982; Phonlor, 
1984). 
Numbers of eggs and larvae taken were transformed 
into the number per 1 m2 of sea surface using the following 
expression: 
y = d· x/v, 
wfere y = number of standardized eggs or larvae per 1 
n of sea surface, x = number of eggs or larvae taken at 
statiOD, d = maximum depth of hauI (m) in Bongo nel, or 
towing distpce for the MTD neis, v = volume of water 
filtered (m) measured by flow meter. 
Results 
Distributions of sardine and ancholta eas and Iarvae 
No sardine egg and larva were collected in the three 
winter auises (July of 1986, 1987 and 1988) (Fig. 2). 
Sardine eggs were collected at several coastal stations in 
two summer cruises (December of 1985 and 1986), but 
no egg was found in December of 1987 and 1988 (Fig. 3). 
Abundance of sardine larvae in December 1985 was low 
and its distribution was limited to coastal stations, but it 
was more scattered over the sorvey area in December 1986 
(Fig. 4). Of six coastal stations, only one station dose to 
Caraguatatuba had sardine larvae. No sardine larva was 
found in December 1987 and occurrence in December 
1988 was concentrated at neritic stations between 50 to 120 
m depth contours. 
ln alI four summer cruises (December from 1985 
through 1988), anchoita eggs were collected on1y at the 
coastal stations (normally with less than 50 m depth). On 
the other hand, ancboita eggs were more abundant in 
neritic stations (deeper than 50 m) in the winter cruises 
(July of 1986, 1987 and 1988). 
Occurrences of anchoita larvae during the summer 
cruises were more wide scattered than that of eggs, but only 
small number of larvae were taken in nearshore stations 
(first row of coastal stations). During three winter cruises 
(JuIy of 1986, 1987 and 1988) anchoita larvae were taken 
from all coastal and neritic stations with the exception of 
the nearshore stations (Fig. 5). 
'lime of spawning of Engraulis anchoita 
AlI known dupeoid species have specific spawning time 
at about midnight or crepuscular time (Blaxter & Hunter, 
1982). To check the spawning time ofEngraulis anchoita, 
we analyzed a relationship between the embryonic 
developmental stage and time of collection (Fig. 6). 
Embryonic developmental stage was determined 
following the criteria established by Moser & Ahlstrom 
(1985). Recently spawned egg (Stage I) was scarce in the 
samples, but the Stage II eggs were collected at any time of 
day, indicating no specific spawning time (Spach, 1991). 
Using the equation established between the hatching 
time and water temperature, developed by Lo (1985) and 
modified by Asano et ai. (1991), spawning time of alI 
anchoita eggs were back-calculated (Fig. 6). ln spite of 
all-day spawning behavior of our anchoita, it is clear that 
the spawning during night was more intensive than in day 
time. 
Vertical distributiOD of eas and larvae 
During three cruises (Dec. 1987, JuIy & Dec. 1988) 
the anchoita eggs and larvae were collected with the 
MTD nets in both summer and winter cruises and its 
abundance exceeded those of the sardine in summer 
auises. Anchoita eggs and larvae were more abundant in 
coastal stations durlng summer and in neritic stations 
during winter. Anchoita eggs were more abundant in 
surface layer above the thermocline and only small number 
of anchoita eggs were collected inside and beneath the 
thermocline (Fig.7). Ancboita larvae were more abundant 
in surface layer, but they also were found inside and 
beneath the thermocline. 
Sardine eggs were more abundant in surface layer, but 
also found beneath the thermocline inside the SACW in 
coastal stations. On the other hand, sardine larvae were 
more abundant in the surface layer in neritic stations and 
no larva was found beneath the thermocline (FIg. 7). 
Annual variatiOD of spawning lntensity 
To estimate total number of eggs spawned in the area 
we must obtain natural mortality rate of eggs. Because 
of smaU number of positive statioDS in which one or more 
eggs were found, we could not obtain tbis data. Therefore, 
for comparative purpose, we estimated total number of 
eggs in the sorvey area without correction by mortality rate 
(Table 1). 
Proportion of positive stations of anchoita eggs in winter 
cruises exceed that of summer cruises and mean number 
of anchoita eggs was also much higher than that of 
summer cruises except December 1988 cruise. 
Proportions of positive station of anchoita larvae were 
always high in both summer and winter, but the mean 
numbers of larvae per squáre meter were relatively low 
(Fig. 8). 
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Table 1. Estimation of sarcJine anel anchoita eggs anel larvae ln Ubatuba collected with 60ngo nets 
~ IIIIChoito: EGGS 
CRlJISE 110. sr. PQSITI~ ST. POSIT. lN X TOTAL EGGS EGG/ST _ EliG/SCI. _ AREA/ST. AIIUIIOANCE ESTlIIA TEO 
(m~ (107 m~ (x 107) 
OEC. 1985 31 10 32.26 1033 33.32 14.9 7.056 1051.34 
JUL. 1986 31 23 74.19 17019 549.00 128.5 7.381 21814.55 
OEC. 1986 30 13 43.33 5191 173.03 53.8 7.326 5123.80 
JUL. 1987 30 22 73.33 10388 346.27 163.2 7.600 2n87.04 
OEC. 1987 9 11.11 42 4.67 18.68 7.35C 137.30 
JUL. 1988 25 10 40.00 1121 44.84 61.2 7.400 45211 .80 
OEC. 1988 25 8 32.00 5616 224.64 183.9 7.331 10785.37 
Engrrmlis QIICho;úL' lARV AE 
CRlJISE 110. ST. POSITI~ ST. POSIT. lN X TOTAL LARVA LARVA/ST. NEAN LAR/SCI. _ AREA/ST. AIIUIIOANCE ESTlIlATEO 
(m~ (107 m~ (x 107) 
OEC. 1985 31 23 74.19 618 19.94 7.5 7.056 1217.16 
JUL. 1986 31 211 90.32 8557 276.03 21.9 7.381 4526.03 
OEC. 1986 30 27 90.00 2882 96.07 18.5 7.326 3659.34 
JUL. 1987 30 26 116.67 Z010 67.00 211.2 7.600 55n.32 
OEC. 1987 9 4 44.44 ZOO 22.22 27.2 7.350 799.68 
JUL. 1988 25 24 96.00 529 21.16 8.7 7.400 1545.12 
OEC. 1988 25 19 76.00 1418 56.n 34.2 7.331 4763.68 
SanJinelüJ bnuiliellSis: EGGS 
CRU I SE 110 . ST. POSITI~ sr. POSIT. lN X TOTAL EGGS EGG/ST NEAN EGG/SCI. NEAN AREA/ST. AIIUIIOANCE ESTlIlATEO 
(m2) (107 m~ (x 107) 
OEC. 1985 31 4 12.90 2345 75.65 141.6 7.056 3996.52 
JUL. 1986 31 o 0.00 o 0.00 o 7.381 0.00 
OEC. 1986 30 4 13.33 14521 484.03 572.1 7.326 16764.82 
JUL. 1987 30 O 0.00 O 0.00 O 7.600 0.00 
OEC. 1987 9 O 0.00 O 0.00 O 7.350 0 . 00 
JUL. 1988 25 O 0.00 o 0.00 O 7.400 0.00 
OEC. 1988 25 O 0.00 o 0.00 O 7.331 0.00 
Sardinel/a bru.süiensis: lARV AE 
CRUISE 110. ST. POSI TI \/E ST. POSIT. lN X TOTAL LARVA LARVA/ST. NEAN LARISCI. MEAN AREA/ST. AIIUIIOANCE ESTlIlATEO 
(m2) (107 m~ (x 107) 
OEC. 1985 31 5 16.13 54 1.74 1.7 7.056 59.98 
JUL. 19~ 31 o 0.00 O 0.00 O 7.381 0.00 
OEC. 1986 30 19 63.33 598 19.93 4.6 7.326 640.29 
JUL. 1987 30 O 0.00 O 0.00 O 7.600 0.00 
DEC. 1987 9 0.00 O 0.00 o 7.350 0.00 
JUL. 1988 25 o 0.00 o 0.00 o 7.400 0.00 
DEC. 1988 25 6 24.00 64 2.56 4.6 7.331 202.34 
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Sardine eggs were found on1y in two summer cruises 
(December of 1985 and 1986) and the mean number of 
sardine eggs in December 1986 cruise was very high. 
However, the mean number of sardine larvae in the same 
cruise showed very low value. This seems to suggest that 
in spite of high spawning intensity the larval survival was 
not good in this spawning season. No sardine egg was 
found in December 1987 and 1988, but small number of 
sardine larvae were found in December 1988, indicating an 
incidental spawning in the survey area. 
Discussion 
The southeastem Brazilian Bight has a wide extension 
of continental shelf with crescent shape. ln spite of 
geographical position under the Tropic of Capricom it is 
characterized with a presence of the cool South Atlantic 
Central Water (SACW) originated fram the subtropical 
convergence. The Brazil Current, coming from north, flows 
southwestward along the continental break. The SACW 
which flows northward beneath the Brazil Current 
penetrates the bottom layer over the continental shelf and 
reaches to the coastal region during austral summer and 
retreats to offshore in winter (Matsuura, 1986). The 
contrast with the over1ying wann, tropical surface water 
results in strongvertical stratification in summer. Presence 
of the SACW in euphotic zone caused high primary 
production in coastal region. ln winter, because of 
absence of the SACW, there occurs a thermal inversion 
in coastal region (Matsuura, 1990b). 
As a result of high primary production in summer, the 
spawning of most fishes occurs in this season within the 
SEBB. Bakun & Parrish (1990) found the spawning 
strategy of the Brazilian sardine within the SEBB to be a 
nearlyexact analog to that of the population of Califomia 
sardine spawning within the southem Califomia Bight. 
They attributed it to physical and biological processes in 
the Bight: a) enrichment of coastal water by presence of 
the SACW and water column stability which leads to 
adequate production of appropriate larval food partic1es, 
b) coastwise lowest Ekman trasnport to avoid loss of 
spawning product, and c) retention of sardine larvae 
within the favorable coastal habitat by a c10sed gyral 
geostrophic circulation. 
Spawning of anchoita in late-spring and summer occurs 
in the cool coastal upwelled region (Nakatani, 1982) and 
the adult anchovy was found inside the SACW mass 
beneath the thermocline in coastal region (Matsuura et ai., 
1985), but the anchoita eggs and larvae were found 
predominantly above the thermoc1ine inside the tropical 
coastal waters with temperature ranging from 24 to 28°C. 
Brewer (1976) found that the Engraulis mordax eggs 
hatched between 8.5-28SC and the larvae could tolerate 
a temperature range from 7 to 30°C in the Califomia 
Current region. Thus, despite of confmement of adult 
anchoita inside the SACW mass, the high temperature 
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tolerance of anchoita eggs and larvae enables them to 
exploit the tropical habitat within the SEBB and they. enjoy 
the same physical and biological processes b) which the 
Brazilian sardine's repraductive strategy was founded. 
Nocturnal or crepuscular spawning is common in all 
known c1upeoids with exception of herring which requires 
sufficient light to select bottom substratum to spawn 
(Blaxter & Holliday, 1963). ln the case of anchoita they 
spawn mainly at night (20:00-02:00) in southem Brazil 
(Castello, 1990) and in Uruguay and Argentine waters 
(Sánchez, 1990), but we found considerable daytime 
spawningwithin the SEBB. This exceptional characteristic 
of the anchoita's spawning time may be assigned to 
reproductive behabior, i.e. they spawn in deep water where 
light intensity must be weak and no c1ear day-night cyc1e is 
established. 
From the data obtained with the MTD nets we failed to 
find any tendency of vertical migration of anchoita larva, 
but the larger anchoita larvae ( = post-metamorphic stage, 
larger than 20.0 mm SL) tended to migrate vertically 
downward in the Cabo Santa Marta Grande (Alheit et ai., 
1991). Contrary to this tendency the sardine juveoiles 
tended to concentrate in the uppermost surface layer 
(Katsuragawa & Matsuura, 1990): 
Purse seine fishery of the Brazilian sardine (Sardinella 
brasiliensis) which started at the beginning of 1960s is one 
of the most important fisheries in the southem Brazil 
With an increase of number of fishing boats, totallanding 
also has increased and achieved the record catch of 230 
thousand metric tons in 1973. Following three years the 
total catch has decreased. With an introduction of 
conservation policies the coirunercial catch has stabilized 
since 1977 and it stayed between 100 to 150 thousand 
metric tons for the next 10 years. ln 1988 it decreased to 
65 thousand metric tons and the catch in 1990 was on1y 32 
thousand metric tons, the lowest value in the last 25 years. 
The cause of recent decrease of total landing is not 
known. Since 1985 the fishing efficiency of purse seine 
boats has been increased considerably (Anon. 1991). 
Consequently, there is a possiblility of overfishing caused 
by excessive fishing pressure on sardine population. 
Another possibility is a recruitment failure in 1986-87 
spawning season. Results obtained in the Ubatuba 
region in December 1986 demonstrated that the larval 
density of sardine was very low, even with the high density 
of sardine eggs. This suggests a high mortality rate of ear1y 
larval stage in this season. If the high mortality rate of 
sardine larvae was common in the entire SEBB, 
recruitment failure should have occurred in 1987 year 
c1ass and consequent1y the spawning stock biomass should 
have decreased. 
Because of the oversized fishing capacity or by the high 
larval mortality in 1986-87 spawning season, the spawning 
stock biomass diminished, resulting very poor spawning in 
the 1987-88 season. No sardine egg and larva were found 
in December 1987 cruise (Figs 3 and 4) and the Egg 
Production Method cruise conducted in January 1988 
also confirmed very low spawníng intensity within the 
SEBB (Katsuragawa, in prep.). 
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There is no direct evidence to explain the high mortality 
of sardine larvae in December 1986. Matsuura (1990b) 
demonstrated that the high primary production in summer 
was caused by two physical processes: a) penetration of the 
SACW in euphotic zone of coastal region, and b) injection 
of nutrient rich SACW in surface layer by cyclonic 
movement of vortex in neritic zone. Since the high primary 
production in coastal region of the SEBB depends on 
injection of nutrients in euphotic zone by the SACW or by 
vortex, the intensity of penetration of the SACW in coastal 
region may have some relation with larval mortality. The 
penetration of the SACW in December 1986 was very 
weak and failed to reach a coastal region (Matsuura, 
1990b). We also found no vortex in neritic region in 
December 1986. Thus, we speculate that the low primary 
production and consequent low density of food partic1es in 
coastal waters might have resuked high mortaly of 
sardine larvae 
Conclusions 
1) Spawning of the Brazilian sardine (Sardinella 
brasiliensis) and anchoita (Engraulis anchoita) were 
investigated based on the ichthyoplankton data 
collected in the coastal region of Ubatuba during 
1985-1988. 
2) No sardine egg and larva were found in the 
three winter cruises (July 1986, 1987 and 1988), but 
the anchoita eggs and larvae were collected both in 
winter and summer cruises. 
3) A fairly large amount of sardine eggs were found 
in sorvey area in the frrst two summer cruises 
(December 1985 and 1986), but no egg was found in 
the last two summer cruises (December 1987 and 
1988). 
4) Occurrences of anchoita eggs and larvae in 
summer cruises were concentrated in costal region 
(less than 50 m contour), but they were more 
abundant in neritic region in winter cruises. 
5) Sardine spawning took place in the upper mixing 
layer at night (21:00-03:00), as any know c1upeoid 
ftshes, but the spawning of anchoita was observed 
below the thermocline all day long with high intensity 
at night. The sardine and anchoita eggs and larvae 
were found inside both the upper tropical water and 
lower cold water masses, but predominantly above 
thermocline. 
6) Intensity of penetration of cold South Atlantic 
Central Water in bottom layer during December 1986 
was very weak and failed to reach a coastal region. 
The high mortality of sardine larvae in that season was 
attributed to absence of the nutrient rich SACW in 
the coastal region. 
Resumo 
Neste trabalho são analisados os padrões sazonais de 
desova da sardinha-verdadeira, Sardine/la brasiliensis, e 
da anchoita, Engraulis anchoita, baseado em dados 
coletados em águas costeiras de Ubatuba (SP), entre 1985 
e 1988. 
Ambas as espécies habitam a costa sudeste do Brasil. 
A primeira efetua desova durante a noite (21:00 - 23:00 h) 
na região costeira durante o fim da primavera e o verão, 
enquanto que a segunda desova durante todo o ano, 
principalmente na região costeira durante o verão e na 
região nerftica durante o inverno. A desova da anchoita 
foi observada ao longo de todo o dia, porém com mais 
intensidade à noite. 
No verão, ocorre uma forte estratificação vertical das 
massas d'água. A desova da sardinha-verdadeira ocorre 
na camada superficial de mistura, enquanto que a da 
anchoita ocorre abaixo da termoclina, nas águas frias da 
"Água Central do Atlântico Sul" (ACAS), que ocupam as 
camadas do fundo durante o verão. Entretanto, ovos e 
larvas de ambas as espécies foram encontrados tanto na 
camada superior, de água tropical, como na camada 
inferior, de água fria, embora predominantemente acima 
da termoclina. 
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